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(54) Rim scanner 



(57) A film scanner uses three color line sensors 
which scan a f ilmstrip line after line over the entire width 
of the f ilmstrip (10), while the f ilmstrip is fed in a length- 
wise direction. While the f ilmstrip moves forward, photo- 
metric data is detected from the f ilmstrip at a lower pixel 
density through the line sensors (27-29) with constant 
charge storage times. Frame number bar codes (10b) 
and edge positions of respective frames on the photo 
film are derived from the photometric data, and image 
data pick-up ranges of the respective frames are deter- 
mined based on the frame number bar codes (10b) and 
the frame edge positions. Based on the photometric 



data, color video images (52) simulating photo-prints of 
the frames are displayed with framing lines 
(V1.V2.H1.H2) that indicate the image data pick-up 
range of each frame. The framing lines are manually 
adjustable to correct the image data pick-up range. 
While the filmstrip moves backward, three color image 
data is detected from the image data pick-up ranges at 
a higher pixel density through the line sensors (27-29) 
with variable charge storage times that are determined 
for each frame based on the photometric data of each 
frame. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to a film scanner for 
scanning a photographic image recorded on a photo 
film, to detect three color image data. More particularly, 
the present invention relates to a film scanner which 
uses line sensors to achieve a high resolution scanning 
at a low cost 

2. Background Arts 

In a conventional film scanner, a photo film. e.g. a 
negative film, the operator observes the position of each 
frame on the film within a film carrier, prior to start scan- 
ning the image of each frame. An image area sensor 
has conventionally been used for scanning the image. 
First the image is roughly scanned to detect three color 
image data at a low pixel number per frame for use as 
control data for a main scanning. Then the main scan- 
ning is made to detect three color image data at a higher 
pixel number per frame, i.e., with a higher resolution. 
The main scan data is sent to a digital printer or an 
external data recording device. Data for displaying a 
video image simulating a consequent print or exposure 
control data for calculating a print-exposure amount in a 
photo-printer is derived from the main scan data by thin- 
ning. 

To achieve a high resolution in the above conven- 
tional film scanner, the image area sensor must be able 
to scan millions of pixels or more. Such a high resolution 
image area sensor needs a large size chip, and the yield 
can be low, so that the price is very high. In addition, 
there is a limit in improving the image quality by increas- 
ing the pixel number. Since the position of each frame 
should be confirmed immediately before the scanning of 
that frame, the work efficiency of the conventional film 
scanner is low. 

To avoid the above described disadvantages of the 
image area sensor, it is possible to use a line sensor or 
line sensors for the film scanner. However, there are 
problems in adopting the line sensors to a film scanner: 

(1) How can be a sufficient dynamic range 
obtained? 

(2) How can be photometric areas discriminated in 
the photo film as being moved relative to the line 
sensor during the photometry? 

(3) How can be a sufficient workability obtained? 
etc. 

SUMMARY OF THE INVENTION 

The present invention is made to solve the above 
and other problems, and has an object to provide a film 
scanner which uses line sensors so as to automatically 



and continuously scan a plurality of photographic 
images at a low cost but with a high resolution. 

To achieve the above object, according to the inven- 
tion, a film scanner for scanning color photo film having 
5 a plurality of frames recorded thereon is comprised of: 

three color line sensors which make prescanning 
for detecting photometric data from the photo film 
under predetermined photometric conditions, and 
10 main scanning for detecting three color image data 
from the photo film; 

a moving device for moving the photo film relative to 
the line sensors twice in a sub scan direction per- 
pendicular to a primary scan direction of the line 
is sensors, first for the prescanning and second for 
the main scanning: and 

a photometric condition modifying device for modi- 
fying photometric conditions of the line sensors for 
each frame during the main scanning in accord- 
20 ance with the photometric data of each frame 
detected through the prescanning. 

According to a preferred embodiment, a film scan- 
ner for scanning photo film having a plurality of frames 
25 recorded thereon, is comprised of: 

three color line sensors which make prescanning 
for detecting photometric data from the photo film 
under predetermined photometric conditions at a 

30 predetermined pixel density, and main scanning for 
detecting three color image data from the photo film 
at a higher pixel density than the prescanning; 
a moving device for moving the photo film relative to 
the line sensors twice in a sub scan direction per- 

35 pendicular to a primary scan direction of the line 
sensors, first for the prescanning and second for 
the main scanning; 

a photometric condition modifying device for modi- 
fying photometric conditions of the line sensors for 
40 each frame during the main scanning in accord- 
ance with the photometric data of each frame 
detected through the prescanning; 
a frame edge detection device for detecting edges 
of each frame based on the photometric data; 
45 a frame position determination device for determin- 
ing respective frame positions on the photo film 
based on frame edge detection signals from the 
frame edge detection device; 
an image data pick-up range determination device 
so for determining an image data pick-up range of 
each frame based on the frame position determined 
by the frame position determination device; 
a display device for displaying color video images 
simulating photo-prints of the respective frames 
55 based on the photometric data, and for displaying 
marks indicating the image data pick-up range on 
each of the color video images; and 
a correcting device for correcting the image data 
pick-up range for each frame by adjusting positions 
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of the marks relative to each color video image on 
the display device in accordance with manually 
entered adjustment data. 

BRIEF DESCRIPTION OF THE DRAWINGS 5 

The above and other objects and advantages of the 
present invention will become apparent from the follow- 
ing detailed description of the preferred embodiments 
when read in connection with the accompanying draw- 
ings, which are given by way of illustration only and thus 
are not limitative of the present invention, wherein like 
reference numerals designate like or corresponding 
parts throughout the several views, and wherein: 

Figure 1 is a block diagram of a film scanner 
according to an embodiment of the invention; 
Figure 2 is a schematic diagram of a photometric 
unit of the film scanner of FIG. 1 ; 
Figure 3 is a fragmentary view of a photo film, illus- 
trating photometric areas of the photometric unit; 
Figure 4 is a functional block diagram illustrating a 
frame position determination in a system controller 
of the film scanner; 

Figure 5 is an explanatory view of an example of 
data written in a memory of the system controller; 
Figure 6 is a functional block diagram of an image 
processor of the film scanner; 
Figure 7 is an example of video image displayed on 
a color CRT, simulating photo-prints of all frames on 
a strip of photo film; 

Figure 8 is an example of video image displayed on 
the color CRT, simulating photo-prints of three 
frames; 

Figure 9 is an example of video imagedisplayed on 
the color CRT, simulating a photo-print of a single 
frame; 

Figure 1 0 is a plan view of a key board connected to 
the system controller; and 
Figure 1 1 is a flow chart illustrating an operation 
sequence of the system controller. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

In FIG. 1 , a developed negative filmstrip 10 is set in 
a film carrier 11. The film carrier 11 is provided with a 
photometric stage 12 defined by an aperture, and feed 
roller pairs 13 and 14 disposed on opposite sides of the 
photometric stage 12. The feed roller pairs 13 and 14 
are rotated bi-directionally by a pulse motor 1 5 to move 
the negative filmstrip 10 back and forth. The rotational 
direction and the speed of the pulse motor 15 are con- 
trolled via a motor driver 15a by a system controller 16. 
The filmstrip 10 is inserted from the side of the feed 
roller pair 13. so that a film sensor 17 is disposed in 
proximity to the feed roller pair 13. to detect a film lead- 
ing end detection signal. In response to the film leading 
end detection signal, the system controller 16 starts 



4 

driving the pulse motor 15 to rotate in a forward direc- 
tion, so the filmstrip 10 is fed in a forward direction 
shown by an arrow F. 

The film sensor 17 also detects a film trailing end 
detection signal. Based on the film trailing end detection 
signal and other data, the system controller 16 deter- 
mines when to stop driving the pulse motor 15, and 
when to start driving the pulse motor 15 in the opposite 
direction to feed the filmstrip 10 in a backward direction 
shown by an arrow B. The system controller 16 sequen- 
tially controls respective elements of a scanner main 
section 20, including a photometric unit 22, such that a 
prescanning is carried out while the filmstrip 10 is fed in 
the forward direction F. and a main scanning is carried 
out while the filmstrip 10 is fed in the backward direction 
B. 

As shown in detail in FIG. 2, a light source 21 is dis- 
posed across the photometric stage 12 from the photo- 
metric unit 22. The light source 21 is constituted of a 
lamp 21a. a reflector 21b and a diffusion plate 21c. The 
photometric unit 22 is constituted of a tight gate 23, an 
image forming lens 24, dichroic mirrors 25 and 26 and 
three photoreceptive line sensors 27, 28 and 29 for 
measuring light amounts of three colors (R, G and B). 
The dichroic mirrors 25 and 26 are reflective interfer- 
ence filters, each of which is made of a glass plate with 
dielectric multi-layered coating formed by vacuum dep- 
osition. The refraction factor and the thickness of the 
coating are selected to provide appropriate spectral 
characteristics for color separation. Thus, the light from 
the image forming lens 24 is separated into three color 
beams. 

The photometric unit 22 is designed to scan the 
filmstrip 10 line after line that extend in a direction per- 
pendicular to the lengthwise or feeding direction of the 
filmstrip 10. The photometric unit 22 is driven to scan 
each line synchronously with the feeding of the filmstrip 
10. Hereinafter, the direction of one line will be referred 
to as a primary scan direction, whereas the feeding 
direction of the filmstrip 10 will be referred to as a sub- 
scan direction. Each line sensor 27 to 29 has 3,600 pix- 
els, so that the line sensors 27 to 29 can scan the entire 
width of the filmstrip 10 at 3,600 pixels per line in the pri- 
mary scan direction. In this embodiment, each tine sen- 
sor 27 to 29 is a CCD (charge coupled device), but the 
line sensors 27 to 29 may be CMOS type. As shown in 
FIG. 1 , the line sensors 27 to 29 are individually driven 
through a sensor driver 30. The photometric data of 
each color is sent to a signal processing circuit 31 . 

During the forward feeding, i.e. during the prescan- 
ning. the signal processing circuit 31 thins the photo- 
metric data from the photometric unit 22. Specifically, 
every 20 adjacent pixels is grouped, and the photomet- 
ric data of each group is averaged by each color. Thus, 
the photometric data of 3,600 pixels per line is con- 
verted into photometric data of about 1 80 pixels per line. 
Correspondingly, the pixel number in the sub-scan 
direction, i.e. the line density, can be low in the prescan- 
ning, so that the filmstrip 10 is fed at a high speed. As a 
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result, prescan data of 180 pixels per line x 260 lines is 
obtained for each color by the prescanning of an unit 
area of the filmstrip 10 that is defined by the length of 
one frame and the entire width of the filmstrip 10. 

On the other hand, during the main scanning, the 
filmstrip 10 is fed at a lower speed to increase the pixel 
number in the sub-scan direction, for example, up to the 
same pixel density as in the primary scan direction. The 
signal processing circuit 31 selects photometric data of 
those pixels which are contained in an image data pick- 
up range of each frame, among from the photometric 
data of the photometric unit 22. and outputs it as three 
color image data to an external device such as a digital 
printer 60 or an image data recording device. The image 
data pick-up range is determined frame by frame based 
on the prescan data, as will be described in detail below. 
For example, if the filmstrip 10 is ISO 135-type. the 
image data pick-up range is sized about 22 mm x 34 
mm. so that three color image data of 2.200 x 3,400 pix- 
els (primary scan x sub-scan) is obtained from the 
image data pick-up range as a result of main scanning 
of one unit area of the filmstrip 10. 

The photometric points should not be limited to 
seven per line. As the number of photometric points 
increases, the higher accuracy of the edge detection is 
achieved, but the longer processing time is necessary. 
As the number of photometric points decreases, the 
processing time becomes the shorter, but the edge 
detection accuracy is lowered. 

Referring to FIG. 3. the signal processing circuit 31 
selects those photometric data pieces among from the 
prescan data, which are detected from side zones A1 
and A2 of the filmstrip 10 where DX bar codes 10b and 
frame number bar codes 10b are provided. The photo- 
metric data pieces of the side zones A1 and A2 are sent 
to a bar code decoder 35. Those photometric data 
pieces of the prescan data which are detected from an 
image recording zone A3 of the filmstrip 10 are sent to 
a photometric condition modifier 32 and a frame edge 
detector 36. The signal processing circuit 31 also sends 
all the prescan data, i.e. the photometric data of the 
entire width A4, to an image processor 37 

The frame edge detector 36 detects frame edge 
position signals from the prescan photometric data from 
the photometric unit 22. Specifically, the frame edge 
detector 36 selects several photometric points, e.g. 
seven photometric points, per line at regular intervals in 
the main scan direction, to detect density variations at 
the respective photometric points along the sub-scan 
direction. The density variations are compared with a 
film base density, to detect a leading edge and a trailing 
edge of each frame as positions where the densities of 
the photometric points steeply change. The frame edge 
detection signals are sent from the frame edge detector 
36 to the system controller 16. In addition to the density 
variations, a unit length to advance the filmstrip 10 by 
one frame is taken into account for the frame edge 
detection, thereby to improve the accuracy of the frame 
edge detection. The unit length or one-frame advance 
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length is determined based on film type data included in 
each OX code that is decoded by the bar code decoder 
35 with reference to a memory 16a that is included in 
the system controller 16. 

5 As for 1 35-type filmstrip, as shown in FIG. 3. the DX 
bar codes 1 0a and the frame number bar codes 10b are 
formed on the opposite sides of the image recording 
zone A3 from each other and outside perforations 10c. 
as well known in the art. The bar codes 10a and 10b are 

10 spaced at regular intervals, such that usually two OX 
codes 10a and two frame number bar codes 10b are 
allocated to one frame. Each bar code 10a or 1 0b is pro- 
vided with a start code bar and an end code bar on its 
opposite ends in the feeding or lengthwise direction of 

is the filmstrip 1 0. The start code bar and the end code bar 
have different lengths from each other in the feeding 
direction, so that it is possible to discriminate the direc- 
tion of the bar codes 10a and 10b, and thus decode the 
bar codes 1 0a and 1 0b with ease in either direction F or 

20 B of the film feeding. Data code bars are disposed 
between the start code bar and the end code bar. 

The bar code decoder 35 decodes the DX bar code 
10a arid the frame number bar code 10b based on the 
photometric data of the side zones A1 and A2 that is 

25 sent from the signal processing circuit 31, and detects 
start code of each bar code. The decoded bar code data 
is sent to the system controller 16. The system control- 
ler 16 determines based on the DX code data the film 
type and the available frame number of the filmstrip 10. 

30 with reference to a look up table stored in a memory 1 6a 
that shows a relationship between the DX code and the 
film type as well as the available frame number of each 
film type. The film type data is used for print condition 
calculation, as will be described later. The available 

35 frame number data is utilized for detecting the end of 
prescanning, so as to start main scanning when the 
number of frames having been prescanned reaches the 
available frame number. The available frame number 
data is also utilized for format selection in displaying all 

40 frames of one filmstrip 10 on a color CRT 50. as will be 
described later. The DX bar code 10a and the frame 
number bar code 10b may be decoded according to a 
conventional method such as disclosed in JPA 1- 
219730 and JPA 1-219731. 

45 The system controller 1 6 determines the edge posi- 
tions of each frame based on the frame edge detection 
signals, frame number bar code detection signals and 
the number of motor drive pulses applied to the pulse 
motor 1 5. FIG. 4 illustrates the edge position determina- 

so tion in the. system controller 16. The number of motor 
drive pulses is counted by a pulse counter 38 that is 
included in the system controller 16. During the pres- 
canning, the pulse counter 38 is reset to zero and starts 
counting each time a leading edge detection signal is 

55 output from the frame edge detector 36. Thereafter 
when a start code of a succeeding frame number bar 
code is detected, the count of the pulse counter 38, i.e. 
the number of motor drive pulses counted from the 
detection of the leading edge to the detection of the 
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start code of the succeeding frame number bar code 
during the film advance in the forward direction F. is writ- 
ten as a film advance amount in the memory 16a. Con- 
currently, in association with the count or the film 
advance amount, the frame number represented by this 5 
frame number bar code is stored as a reference frame 
number in the memory 16a. as shown in FIG. 5. 

In the same way, a not-shown second pulse counter 
is reset to zero and starts counting upon a trailing edge 
detection signal from the frame edge detector 36, and 
when a start code of a succeeding frame number bar 
code is detected, the count is written as a film advance 
amount in the memory 16a. as shown in FIG. 5. The 
combination of a motor drive pulse number with a refer- 
ence frame number is used as frame position data for 
identifying and positioning each frame during the main 
scanning. 

The frame position data is stored in a memory loca- 
tion of the memory 16a that is addressed with a frame 
number, as shown in FIG. 5. During the main scanning, 
the counter 38 starts counting the motor drive pulses 
each time a start code of a frame number bar code rep- 
resentative of a reference frame number is detected. 
When the count reaches the drive pulse number written 
in association with the reference frame number in the 
memory 16a, the system controller 16 determines that 
the leading edge of the frame associated with the refer- 
ence frame number is placed in front of the photometric 
unit 22. It is to be noted that "the leading" is with respect 
to the forward direction F. Also, the trailing edge of each 
frame with respect to the forward direction F is deter- 
mined in the same way during the main scanning. 
Indeed there is a time lag from the actual passage of the 
start code bar through the photometric unit 22 to the 
recognition of the start code, but the length of the time 
lag is previously known, so that the time lag is cancelled 
by an appropriate correction. Thus, it is possible to col- 
late the frame edge positions between the main scan- 
ning and the prescanning. 

The charge storage time of each line sensor 27 to 
29 is fixed during the prescanning. but is changed dur- 
ing the main scanning frame by frame in accordance 
with the prescan photometric data of the corresponding 
frame. During the main scanning, the sensor driver 30 
changes charge storage times of the line sensors 27 to 
29 in accordance with output signals from the photomet- 
ric condition modifier 32. The photometric condition 
modifier 32 extracts those data pieces which represent 
a frame of photographic image from the prescan photo- 
metric data of the image recording zone A3, with refer- 
ence to the edge detection signals from the frame edge 
detector 36, and determines a charge storage time for 
each color based on the derived data pieces. 

Specifically, the charge storage times Ti of the line 
sensors 27 to 29 for the main scanning are calculated 
according to the following equation: 
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wherein 
i represents R. G or B; 

Tdpi represents an ideal charge storage time for a 
standard negative frame; and 
DDi represents a difference between an average 
transmrttance density of an original frame to be 
printed and an average transmittance density of the 
standard negative frame. 

Since the line sensors 27 to 29 of the photometric 
unit 22 are driven to pick up the original frame with the 
charge storage times Ti on the main scanning that are 
determined based on the three color average transmit- 
tance densities of the original frame derived from the 
prescan data, the color densities of the original frame do 
not adversely affect the main scan image data. On the 
contrary, any original frame can be picked up in a proper 
photometric dynamic range. Thereby, even though the 
original frame is over-exposed or under-exposed, the 
image data from the photometric unit 22 can be proc- 
essed under the same condition as the image data of 
the normally exposed standard negative frame. 

As shown in FIG. 6, the image processor 37 takes 
the prescan photometric data from the signal process- 
ing circuit 31 synchronously with the film feeding, and 
converts the data from an analog form into a digital form 
through an A/D converter 40. Then the digital data is 
converted via a logarithmic conversion LUT 41 into pho- 
tometric density signals or photometric gain values that 
represent logarithmic values of light quantity. The den- 
sity signals are subjected to a negative-to-positive con- 
version, and color and density correction in a 
transformation LUT 42. The processed photometric 
data representative of three color densities is written in 
a frame memory 44 of a monitoring system through an 
image composer 43. 

The data in the frame memory 44 is sent to the 
color CRT 50 through a CRT driver 49. to display a pos- 
itive video image of each frame based on the prescan 
photometric data in a real time fashion. The color CRT 
50 can displays all frames of one filmstrip 10 together, 
as is shown in FIG. 7. For this purpose, several display 
formats are predetermined in accordance with the 
length or the available frame number of each film type. 
One of the predetermined display formats is selected 
based on the DX code data, and the data is written in 
the frame memory 44 in accordance with the selected 
display format. 

FIG. 7 shows an example of display screen 50a on 
the color CRT 50 containing all frames of the filmstrip 10 
at the end of the prescanning. In this case, video image 
frames 52 are displayed one after another in rows on 
the color CRT 50 in the real time fashion, that is, as the 
prescanning proceeds. Instead of displaying all frames 
of one filmstrip, the color CRT 50 can display a limited 
number of, e.g. three, video image frames 52 at once, 
as shown by a display screen 50b in FIG. 8. Moreover, 
it is possible to display a single video image frame 52 as 
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shown by a display screen 50c in FIG. 9. The operator 
can select the display format through a key board 51 . 

As shown in FIG. 6. the image processor 37 further 
includes a framing line data generator 45 and a framing 
line adjustor 46. The framing line generator 45 gener- 
ates data for displaying framing lines V1 , V2, H1 and H2 
on each video image frame 52, to frame or border the 
image data pick-up range within each frame. The fram- 
ing line data is sent to the image composer 43. to be 
composed with the data from the transformation LUT 
42. Thus, the framing lines V1. V2. H1 and H2 are dis- 
played on each video image frame 52 on the color CRT 
50, as shown in FIGS. 7 to 9. The positions of the fram- 
ing lines V1, V2, H1 and H2 relative to the video image 
frame 52 are determined based on the frame edge 
detection signals. For this purpose, the system control- 
ler 16 has a mode for designating the size and location 
of image data pick-up range. In this mode, the size of 
the image data pick-up range and the spacing from the 
leading edge are designated for the individual frame of 
the filmstrip 10. In stead of this designation mode, it is 
possible to previously store a variety of image data pick* 
up range sizes and locations in accordance with the film 
types, so as to select appropriate size and location 
automatically or manually. 

The data in the transformation LUT 42 is revised 
through a table data reviser 47. The table data reviser 
receives printing condition data from a printing condition 
operator 58 through the system controller 16. and write 
the transformation LUT 42 with table data in corre- 
spondence with the printing conditions. Printing condi- 
tions are determined as follows: 

In the image processor 37, the three color photo- 
metric data of the image recording zone A3 is sent from 
the logarithmic conversion LUT 41 to a characteristic 
value extractor 55 and a main area extractor 56, as is 
shown in FIG. 6. The characteristic value extractor 55 
converts the photometric data into 20 x 30 pixels per 
frame by averaging, and then extracts characteristic val- 
ues from the converted data, including a large area 
transmittance density (LATD), a maximum density, a 
minimum density and an average density of each color 
among these 20 x 30 pixels. These characteristic values 
are sent to an ACCS operator 57 and the printing condi- 
tion operator 58. wherein ACCS stands for Advanced 
Computerized Color Scanner, a stationary computer- 
ized automatic negative image inspection system. 

The main area extractor 56 determines a main area 
of the original frame based on the three color image 
data f the image recording zone A3 that is sent from the 
image processor 37. To determine a main area, for 
example, those ranges of the three color image data 
which correspond to a fresh color range are predeter- 
mined, so that the pixels that belong to the fresh color 
range are extracted as fresh color pixels, as disclosed 
for example in JPA 52-156624 and JPA 52-156625. The 
three color image data of each extracted pixel is 
inspected in view of other points, so as to extract a lump 
of fresh color pixels as the main area. The data repre- 



sentative of the extracted main area is sent to the ACCS 
operator 57. The ACCS operator 57 calculates printing 
condition correction amounts from image characteristic 
values of the main area pixels by use of an appropriate 

5 formula that is selected in accordance with the result of 
pattern discrimination of each frame. The printing condi- 
tion correction amounts are sent to the printing condi- 
tion operator 58. 

The printing condition operator 58 determines basic 

10 printing conditions based on the three color LATD from 
the characteristic value extractor 55 by use of a well 
known printing condition calculation formula. Then, the 
printing condition operator 58 corrects the basic printing 
conditions with the printing condition correction 

is amounts from the ACCS operator 57, to provide the 
printing conditions. The printing condition correction 
amounts from the ACCS operator 57 corrects density 
failure or color failure of the frame with accuracy. In 
addition, it is possible to determine printing conditions 

20 based on the image characteristic values of the main 
area. 

The printing conditions thus determined are sent 
via the system controller 16 to the table data reviser 47 
of the image processor 37. Since the table data reviser 

25 47 rewrites the transformation LUT 42 with the table 
data corresponding to the printing conditions, the video 
image displayed on the color CRT 50 simulates an auto- 
matically corrected image that will be obtained under 
the printing conditions. The operator can observe the 

30 simulation image on the color CRT 50, to monitor 
whether the automatically determined printing condi- 
tions are proper or not. The operator can enter correc- 
tion amounts to each frame through the key board 51 . 
according to the result of the observation. 

35 As shown in FIG. 10. the key board 51 is provided 
with alphanumeric keys 70. density correction keys 71, 
color correction keys 72 to 74 and framing line adjust- 
ment keys 75. Each group of these correction keys 71 to 
74 consists of seven keys in this embodiment, to permit 

40 entering seven different correction amounts for each 
printing condition correction factor: density (D), yellow 
(Y), magenta (M) and cyan (C). The entered correction 
amounts are sent via the system controller 16 to the 
table data reviser 47, so that the table data is rewritten 

45 in accordance with the entered correction amounts. In 
this way, the video image of each frame is corrected in 
accordance with the entered correction amounts. If it is 
determined in view of the video image that the corrected 
printing conditions are proper, a decision key 80 is oper- 

so ated to write the entered correction amounts as final 
correction amounts for each frame in the memory 16a of 
the system controller 16, as shown in FIG. 5. If the video 
image is still improper in density or in color balance, an 
appropriate correction amount is entered through the 

55 key board 51 . 

The framing line adjustment keys 75 include left 
and right vertical line adjustment keys 76 and 77, and 
upper and lower horizontal line adjustment keys 78 and 
79. The left vertical line adjustment keys 76 consist of a 
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left shift key 76a and a right shift key 76b. While the left 
shift key 76a or the right shift key 76b is depressed, the 
left vertical framing line V1 moves left or right, respec- 
tively. In correspondence with the movement of the left 
vertical framing line V1 , the framing line data is revised. 
In the same way. the right vertical line adjustment keys 
77 consist of a left shift key 77a and a right shift key 77b, 
to move the right vertical framing line V2 left and right. 
The upper horizontal line adjustment keys 78 consist of 
an up-shift key 78a and a down-shift key 78b. to move 
the upper horizontal framing line H1 up and down. The 
lower horizontal line adjustment keys 79 consist of an 
up-shift key 79a and a down-shift key 79b, to move the 
upper horizontal framing line H2 up and down. The 
operation of the framing line adjustment keys 75 is 
transmitted to the framing line adjuster 46 through the 
system controller 16. so that the framing line adjustor 46 
changes the framing line data generated from the fram- 
ing line data generator 45. Thus, one or more of the 
framing lines VI, V2, H1 and H2 is relocated in corre- 
spondence with the operation of the framing line adjust- 
ment keys 75. The decision key 80 is operated to fix the 
positions of the framing lines V1 , V2. H1 and H2. At that 
time, if any of the framing lines V1, V2. Hi and H2 are 
adjusted, the amount of adjustment is converted into a 
motor drive pulse number, and is written as framing line 
adjustment data in the memory 16a. as shown in FIG. 5. 
Instead of converting the adjustment amount into the 
number of motor drive pulses, it is possible to convert it 
into the number of pixels. 

Frame designation keys 81 and 82 are provided for 
designating one frame to adjust its framing lines V1 , V2, 
H1 and H2 among from the all frames displayed on one 
screen as shown in FIG. 7. The color of framing lines 
VI. V2, H1 and H2 of the designated frame changes to 
be distinctive. Instead of changing the color of the fram- 
ing lines VI. V2. H1 and H2. it is possible to use a cur- 
sor or the like to indicate the designated frame. In the 
other display modes shown in FIGS. 8 and 9, three adja- 
cent frames or a single frame is displayed one after 
another in the direction designated by either of the 
frame designation keys 81 and 82. 

In this way, the frame position data and the framing 
line adjustment data are written in a memory location of 
the memory 16a that is allocated to each frame, as 
shown in FIG. 5. The charge storage times Ti and the 
printing condition correction amounts of three colors 
and density are also written for each frame in the mem- 
ory 16a. during the prescanning. The charge storage 
times Ti are written as relative values to the fixed charge 
storage time for the prescanning that is represented by 
"100". It is also possible to write the number of clock 
pulses to represent the charge storage time Ti. The 
printing condition correction amounts may be the cor- 
rection amounts manually entered through the key 
board 51 or the correction amounts determined based 
on the main area photometric data in the correction 
amount calculator 57. 

FIG. 1 1 shows the sequence of the operation of the 



above described film scanner. When the leading end of 
the negative filmstrip 10 is squeezed into between the 
film feed rollers 13 of the film carrier 1 1 , the film sensor 
17 detects the leading end and starts driving the motor 

5 1 5 to feed the filmstrip 1 0 in the forward direction F. Syn- 
chronously with the film feeding, the photometric unit 22 
prescans the filmstrip 10 with the fixed charge storage 
time. The signal processing circuit 31 groups and aver- 
ages the photometric data of every 20 adjacent pixels of 

10 each line sensor 27. 28 or 29. Thus, the photometric 
data of 3,600 pixels per line is converted into photomet- 
ric data of 180 pixels per line. Correspondingly, the pixel 
number is reduced in the sub-scan direction. As a 
result, prescan data of 180 pixels per tine x 260 lines is 

ys obtained for each color from the unit area of the filmstrip 
10 that is defined by the length of one frame and the 
entire width A4 of the filmstrip 10. 

The frame edge detector 36 detects a leading edge 
and a trailing edge of each frame based on the prescan 

20 photometric data from the signal processing circuit 31 . 
Each time a leading edge detection signal, the system 
controller 16 resets the pulse counter 38 to start count- 
ing the drive pulses to the pulse motor 15. Thereafter 
when a start code of a succeeding frame number bar 

25 code is detected, the count of the pulse counter 38is 
written as a film advance amount in the memory 16a. 
Thus, the distance from the leading edge to the start 
code of the succeeding frame number bar code is deter- 
mined as the number of motor drive pulses. Since the 

30 frame number represented by this frame number bar 
code is written as a reference frame number in the 
memory 16a along with the count or the film advance 
amount, it is possible to identify the leading edge of 
each frame during the main scanning, based on the 

35 number of motor drive pulses counted from the detec- 
tion of the start code of the frame number bar code that 
represents the reference frame number assigned to that 
frame. The position of the trailing edge is identified in 
the same way as the leading edge. 

to The bar code decoder 35 derives the DX bar code 
and the frame number bar code from the photometric 
data, and decodes them to determine the frame number 
of each frame, on the basis of detection timings of the 
leading and trailing edges by the frame edge detector 

45 36 and the frame number bar code. At that time, if the 
frame number represented by a frame number bar code 
that succeeds the leading edge of a frame in the forward 
direction F is "12A" or "12", for instance, the frame 
number "12" is assigned to that frame. It is alternatively 

so possible to determine the frame number based on the 
frame number bar code disposed in the middle of the 
frame or near the trailing edge of the frame. 

The image processor 37 processes the photometric 
data so as to display video images 52 simulating conse- 

55 quent photo-prints on the color CRT 54. composed with 
the framing lines V1, V2. H1 and H2 for framing the 
image pick-up range of each frame. If necessary, the 
operator operates the keys 81. 82 and 75 to relocate 
any of the framing lines V1 . V2, H1 and H2 on one of the 
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video image frames 52. If the operator determines it 
necessary in view of the video images, to correct the 
printing conditions of any of the frames, the operator 
operates the keys 71 to 74 to enter appropriate correc- 
tion amounts. The positions of the framing lines V1 , V2. 5 
H1 and H2. and/or the color baJance or density of the 
video image are changed according to the entered data. 
If the operator satisfies the result of adjustment or cor- 
rection, the operator operates the decision key 80 to 
decide the correction amounts. If not. the operator oper- 10 
ates the keys 70 to 79 again, and the video image is cor- 
rected correspondingly. 

When the decision key 80 is operated, the frame 
position data, i.e., the combinations of a reference 
frame number and a film advance amount, the printing is 
condition correction amounts, the framing line adjust- 
ment data, and the charge storage time data are written 
for each frame in the memory 16a. 

When the trailing end of the filmstrip 10 is detected 
based on the available frame number indicated by the 20 
DX bar code, and the frame number bar code data, the 
film feeding in the forward direction F and the prescan- 
ning operation are terminated. When all the data 
detected by the prescanning has been written in the 
memory 16a. the motor 15 is driven in the opposite 25 
direction to feed the filmstrip 10 in the backward direc- 
tion B. The main scanning is carried out based on the 
data read out from the memory 16a frame after frame in 
the opposite order to the writing or the prescanning. 
Specifically, the image pick-up range of each frame is 30 
determined based on the frame position data and the 
framing line adjustment data. Next, the respective line 
sensors 27 to 29 main scan the image data pick-up 
range with the respective charge storage times that are 
determined based on the prescan photometric data, to 35 
obtain three color image data at the high pixel density. 

During the main scanning, the signal processing 
circuit 31 sends the three color imagedata. i.e., the pho- 
tometric data from the photometric unit 22. and syn- 
chronizing signals to the digital printer 60 or other 40 
external device such as a large capacity storage file. 
Since the main scan image data is not stored in the 
scanner main section 20, but is transferred to the exter- 
nal device as soon as it is detected, the memory capac- 
ity of the scanner main section 20 can be small. H 45 
necessary, the printing condition correction amounts 
are sent to the external device along with the three color 
image data. 

The present invention facilitates obtaining high res- 
olution image data with inexpensive line sensors, with- so 
out the need for an expensive image area sensor. The 
line sensor permits increasing the pixel density in the 
primary scan direction, i.e. the pixel number per line, up 
to around one million with no problem. Also the pixel 
density in the sub scan direction, i.e. the line density, ss 
can be easily increased by moving the filmstrip relative 
to the line sensor at a higher speed in the sub scan 
direction. In comparison, the pixel density of the image 
area sensor is limited to at most about 1,000 x 2,000 



pixels. 

Since the pixel density is reduced for the prescan- 
ning, the memory capacity for storing the prescan data 
can be small. The film scanner is not required to store 
the high resolution image data detected by the high 
density main scanning, so the film scanner does not 
need a large capacity memory, which further saves the 
cost of the film scanner. 

Since the framing lines are displayed on each video 
image frame 52, it is possible to observe the frame posi- 
tion that is automatically determined based on the pres- 
can data. Therefore, it is possible to prevent image data 
pick-up errors that may be caused by frame position 
determination errors on the main scanning. Further- 
more, since it is possible to display video images of all 
frames of the same filmstrip at once on the screen, any 
deviation of the frame positions can be found more eas- 
ily. 

Because the framing lines are adjustable relative to 
the frame on the color CRT 50, it is easy to correct the 
image data pick-up range even if the frame edge detec- 
tor 36 fails to determine the correct position of a frame 
edge, or to change the size or format of the image data 
pick-up range. Since the designated image data pick-up 
range can be visually confirmed on the color CRT 50 
before it is decided, the main scanning can be accom- 
plished completely automatically. 

Since the filmstrip 10 can move continuously in 
both directions F and B. feeding speed variation is min- 
imized. Since the photometric conditions of the line sen- 
sors for the main scanning are determined in 
accordance with the photometric data of the image 
recording area A3 that is extracted from the prescan 
data, the main scanning is performed in a proper photo- 
metric dynamic range that is adjusted to the exposure 
condition of each frame. 

Because the line sensors 27 to 29 of the photomet- 
ric unit 22 scan the entire width of the filmstrip to read 
the frame number bar code and the DX bar code as 
prescan photometric data together with the frames, it is 
unnecessary to provide bar code sensors separately 
from the line sensors 27 to 29. Also, frame edge posi- 
tions are detected from the prescan photometric data. 
By relating the timing of detection of a frame edge to the 
timing of detection of a frame number bar code, the 
frame number represented by the frame number bar 
code, and to the film advance amount relative to the 
photometric unit 22. it is possible determine the frame 
position based on these relationships during the main 
scanning. According to this method, variations in film 
feeding amount are not accumulated, so that the accu- 
racy of frame position determination is improved com- 
pared with a case where the frame position relative to a 
line sensor is determined based merely on the film 
advance amount from the detection of the film leading 
end. 

Since the video image simulating a consequent 
photo-print is displayed based on the prescan data, and 
the video image is corrected according to the manually 
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entered correction amounts, it is possible to confirm the 
corrected printing conditions. Since it is possible to 
observe the video images of all frames of the f ilmstrip at 
once, the printing conditions of one frame can be cor- 
rected while taking the other frames into consideration. 5 
Work efficiency is improved because' it is possible to 
inspect the image data pick-up ranges simultaneously 
with the printing conditions. 

According to the above embodiments, the charge 
storage times 71 of the photometric unit 22 for the main 10 
scanning are changed depending upon the three color 
average densities of the prescan photometric data. 
However, it is possible to adjust the quantity of printing 
light projected from the light source 21 . When the white 
lamp 21a is used as the single light source lamp, the is 
light quantity can be controlled by inserting not-shown 
color correction filters into the printing light path. In a 
printer where three lamps are provided for the three 
colors, the voltage of each lamp may be controlled to 
control the light quantity from the light source. In either so 
case, it is preferable to store a look-up table (LUT) 
showing a relationship between control variables and 
the light quantities of the three colors, and control the 
light quantities based on the control variable determined 
with reference to the LUT The control variable is the 25 
positions of the color correction filters 16 to 18. or the 
lamp voltages of the respective colors. 

In the above embodiment, frame position is deter- 
mined based on the distance between the frame edge 
and the start code of the succeeding frame number bar 30 
code. But the present invention is not to be limited to this 
embodiment. Frame position may be determined in 
another way based on frame number bar code detection 
signals, frame edge detection signals, and film advance 
amount. 35 

It is also possible to determine frame position on 
the basis of the DX bar code, that is, the number of 
detected DX bar codes, frame edge detection signals 
and film advance amount. It is possible to detect the 
number of perforations from the prescan photometric <o 
data, to determine frame position based on the perfora- 
tion number, frame edge detection signals and film 
advance amount. In that case, the frame edges should 
be detected during the main scanning, to identify the 
frame position. As the film advance amount, the number 45 
of motor drive pulses is used to measure the distance 
from the frame edge to the frame number bar code. Also 
the distance from the frame edge to the DX bar code or 
the perforation may be represented by the number of 
motor drive pulses. Instead of using the motor drive so 
pulses, it is possible to use a rotary encoder. Also, it is 
possible to count the number of pixels in the sub-scan 
direction during the prescanning to use for determining 
the frame edge positions relative to the bar codes or the 
perforations. 55 

The present invention has been described with 
respect to the 135-type f ilmstrip 10. the present inven- 
tion is applicable to scanning other type or format film- 
strips, including that of IX 240 type film cartridge, or so- 
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called Advanced Photo System type film cartridge. In 
the IX 240 type, the film leader can be advanced out of 
the cartridge shell by rotating the spool in an unwinding 
direction, and the filmstrip has one perforation per 
frame. Therefore, the frame position can be determined 
based on the perforations. Although the above embodi- 
ment sets the filmstrip 10 one by one in the film earner 
11. the present invention is applicable to scanning an 
elongated web of spliced f ilmstrips. 

ft is also possible to feed the filmstrip or the spliced 
f ilmstrips twice in the same direction for prescanning 
and then for main scanning by use of the same film car- 
rier. Thereby, the variations in feeding amount will be 
reduced. 

In the above embodiment, the filmstrip moves in the 
sub-scan direction, while the line sensors are fixed. But 
it is possible to move line sensors in the sub-scan direc- 
tion along a stationary filmstrip, and feed the filmstrip 
intermittently by the unit length corresponding to one 
frame. It is further possible to use a movable mirror or 
the like in a stationary photometric unit to sub-scan 
each unit length of the filmstrip while it pauses. Also in 
this case, the filmstrip should be intermittently fed by the 
unit length. 

The present invention is applicable to scanning 
half -size frames or those f ilmstrips having differently 
sized frames, e.g. panoramic-size frames and high- 
vision size frames. In that case, the frame having a dif- 
ferent size from the ordinary full-size frame can be 
observed on the color CRT 50. so that it is possible to 
adjust the framing lines V1. V2, H1 and H2 to the differ- 
ent size by operating the framing line adjustment keys 
75. It is alternatively possible to store framing line data 
for each of those different frame sizes so as to display 
specific framing lines that are already adapted to the 
designated different size. It is also possible to use such 
specific framing lines for a full-size frame to designate a 
specific size image data pick-up range, e.g. a pano- 
ramic-size image data pick-up range, within the full-size 
frame. This embodiment is preferably for IX 240 type 
filmstrip that has a magnetic recording layer to record 
print format data thereon for designating a printing 
range to each frame that is all recorded in full-size. 

Instead of relocating the framing lines, it is possible 
to relocate the video image itself to adjust the image 
data pick-up range. It is not always necessary to make 
the four framing lines adjustable, but it is possible to fix 
the positions of the horizontal lines relative to the video 
image frame. The framing lines may be replaced by 
another kind of marks. For example, triangular marks 
indicating four corners of an image data pick-up range 
can be useful. 

It is possible to determine the photometric condi- 
tions of the line sensors for each frame during the main 
scanning in accordance with those photometric data 
pieces which belong to the image data pick-up range of 
that frame. It is also possible to determine the photo- 
metric conditions of the line sensors for the main scan- 
ning on the basis of the same data as used for 
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determining the printing conditions. 

Although the film scanner shown in the drawings 
has the color CRT as a monitoring device, it is possible 
to omit the monitoring device if it is unnecessary to 
observe and correct the printing conditions and the s 
image data pick-up ranges on the side of the film scan- 
ner, e.g., if the film scanner is used in combination with 
an external device or a photo-printer that has a monitor- 
ing system and a printing condition correcting device. 

Although the above embodiment uses a single pho- io 
tometric unit for both the prescanning and the main 
scanning, it is possible to provide separate photometric 
devices tor prescanning and for main scanning. The 
photometric unit shown in the drawings uses dichroic 
mirrors to separate the light from the image forming lens is 
into three colors. Alternatively, it is possible to use a 
commercially available color line sensor device wherein 
three line sensors are arranged in a plane and are over- 
laid with three color filters, respectively, so that no dich- 
roic mirror is necessary. 20 

Thus, the present invention should not be limited to 
the above described embodiments but, on the contrary, 
various modification may be possible to those skilled in 
the art without departing from the scope of claims 
attached hereto. 25 

Claims 

1 . A film scanner for scanning color photo film having 

a plurality of frames recorded thereon, a film scan- 30 
ner comprising: 

three color line sensors (27-29) which make 
prescanning for detecting photometric data 
from the photo film under predetermined pho- 35 
tometric conditions, and main scanning for 
detecting three color image data from the photo 
film; 

a moving device (13-1 5. 15a, 16) for moving the 
photo film relative to the line sensors twice in a 40 
sub scan direction perpendicular to a primary 
scan direction of the line sensors, first for the 
prescanning and second for the main scan- 
ning; and 

a photometric condition modifying device (32) 45 
for modifying photometric conditions of the line 
sensors for each frame during the main scan- 
ning in accordance with the photometric data of 
each frame detected through the prescanning. 

50 

2. A film scanner as claimed in claim 1, wherein the 
three color image data is detected at a higher pixel 
density than the photometric data. 

3. A film scanner as claimed in claim 2, wherein the ss 
moving device moves the photo film at a higher 
speed for the prescanning than for the main scan- 
ning. 



4. A film scanner as claimed in daim 1, further com- 
prising a display device (37,49.50) for displaying 
color video images (52) simulating photo-prints of 
the respective frames based on the photometric 
data. 

5. A film scanner as claimed in claim 4, further com- 
prising a printing condition determination device 
(16,55-58) for determining printing conditions for 
each frame based on the photometric data, wherein 
the display device displays the color video image so 
as to reflect the printing conditions determined by 
the printing condition determination device. 

6. A film scanner as claimed in daim 5, wherein the 
printing condition determination device comprises a 
main area extracting device (56) for extracting a 
main area of each frame from the photometric data, 
to determine the printing conditions based on those 
data pieces of the photometric data which belong to 
the main area. 

7. A film scanner as claimed in claim 5. further com- 
prising an manually operable correction amount 
entering device (51) for entering printing condition 
correction amounts for each frame that can be 
determined in view of the color video image, 
wherein the printing condition determination device 
corrects the printing conditions with the printing 
condition correction amounts, and the display 
device corrects the color video image in corre- 
spondence with the corrected printing conditions. 

8. A film scanner as daimed in claim 4, wherein the 
display device can display the color video images of 
all frames of one filmstrip in rows on a screen simul- 
taneously with the prescanning being made by the 
line sensors. 

9. A film scanner as claimed in claim 2, further com- 
prising: 

a frame edge detection device (36) for detect- 
ing edges of each frame based on the photo- 
metric data; 

a frame position determination device (16,35) 
for detecting frame position data of the respec- 
tive frames based on edge detection signals 
from the frame edge detection device; and 
an image data pick-up range determination 
device (16) for determining an image data pick- 
up range of each frame based on the frame 
position determined by the frame position 
determination device, wherein the main scan- 
ning device detects the three color image data 
from the image data pick-up range. 

10. A film scanner as claimed in claim 9, wherein the 
photo film is provided with at least a frame number 
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bar code (10b) on one side of each frame, the pho- 
tometric data is detected from across an entire 
width (A4) of the photo film, and the position deter- 
mination device derives frame number bar code 
data from the photometric data, to detect the frame 5 
position data as a combination of the frame number 
bar code data, detection timings of the frame 
number bar code and the frame edge detection sig- 
nal, and an amount of movement of the photo film 
relative to the line sensors in a time period between w 
the detection timings. 

1 1 . A film scanner as claimed in claim 9, wherein the 
moving device reciprocates the photo film relative 

to the line sensors, such that the prescanning is is 
made while the photo film moves forward, and the 
main scanning is made while the photo film moves 
backward. 

1 2. A film scanner as claimed in claim 9, further com- 20 
prising: 



1 3. A film scanner for scanning color photo film having 
a plurality of frames recorded thereon, a film scan- 40 
ner comprising: 



a frame edge detection device for detecting 
edges of each frame based on the photometric 
data; 

a frame position determination device for deter- 
mining respective frame positions on the photo 
film based on frame edge detection signals 
from the frame edge detection device; 
an image data pick-up range determination 
device for determining an image data pick-up 
range of each frame based on the frame posi- 
tion determined by the frame position determi- 
nation device; 

a display device for displaying color video 
images simulating photo-prints of the respec- 
tive frames based on the photometric data, and 
for displaying marks indicating the image data 
pick-up range on each of the color video 
images; and 

a correcting device (45,46) for correcting the 
image data pick-up range for each frame by 
adjusting positions of the marks relative to 
each color video image on the display device in 
accordance with manually entered adjustment 
data. 

14. A film scanner as claimed in daim 13. wherein the 
photo film is provided with at least a frame number 
bar code on one side of each frame, the photomet- 
ric data is detected from across an entire width of 
the photo film, and the position determination 
device derives frame number bar code data from 
the photometric data, to detect the frame position 
data as a combination of the frame number bar 
code data, detection timings of the frame number 
bar code and the frame edge detection signal, and 
an amount of movement of the photo film relative to 
the line sensors in a time period between the detec- 
tion timings. 

15. A film scanner as claimed in claim 14, further com- 
prising a printing condition determination device for 
determining printing conditions for each frame 
based on the photometric data, wherein the display 
device displays the color video images based on 
the photometric data so as to reflect the printing 
conditions determined for each frame. 

1 6. A film scanner as claimed in claim 1 5, further com- 
prising a device for entering printing condition cor- 
rection amounts for each frame that can be 
determined in view of the color video image, 
wherein the printing condition determination device 
corrects the printing conditions with the printing 
condition correction amounts, and the display 
device corrects the color video image in corre- 
spondence with the printing condition correction 
amounts. 

17. A film scanner as claimed in claim 13, wherein the 



three color line sensors which make prescan- 
ning for detecting photometric data from the 
photo film under predetermined photometric 45 
conditions at a predetermined pixel density, 
and main scanning for detecting three color 
image data from the photo film at a higher pixel 
density than the prescanning; 
a moving device for moving the photo film rela- so 
five to the line sensors twice in a sub scan 
direction perpendicular to a primary scan direc- 
tion of the line sensors, first for the prescanning 
and second for the main scanning; 
a photometric condition modifying device for 55 
modifying photometric conditions of the line 
sensors for each frame during the main scan- 
ning in accordance with the photometric data of 
each frame detected through the prescanning; 



a display device (37,49,50) for displaying color 
video images (52) simulating photo-prints of 
the respective frames based on the photomet- 25 
ric data and for displaying marks 
(V1.V2,H1,H2) indicating the image data pick- 
up range on each of the color video images; 
and 

a mark adjusting device (45.46) for adjusting 30 
relative positions of the marks to each color 
video image in accordance with adjustment 
data; and 

a manual data input device (51 ) for entering the 
adjustment data with reference to the color 35 
video image and the marks on the display 
device. 
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moving device reciprocates the photo film relative 
to the line sensors, such that the prescanning is 
made while the photo film moves forward, and the 
main scanning is made while the photo film moves 
backward. 

18. A method of scanning photo film having a plurality 
of frames recorded thereon, comprising the steps 
of: 

moving the photo film relative to three color line 
sensors in a sub scan direction, each line sen- 
sor being arranged to scan the photo film in a 
primary scan direction perpendicular to the sub 
scan direction; 

prescanning the photo film line after line 
through the line sensors for detecting photo- 
metric data under predetermined photometric 
conditions, while the photo film is moved in the 
sub scan direction; 

modifying photometric conditions of the line 
sensors for each frame in accordance with the 
photometric data; 

moving the photo film relative to the three color 
line sensors in the sub scan direction for a sec- 
ond time; and 

main scanning the photo film through the line 
sensors under the modified photometric condi- 
tions for detecting three color image data from 
each frame, while the photo film is moved in the 
sub scan direction for the second time. 

1 9. A method of scanning photo film as claimed in claim 
18. wherein the three color image data is detected 
at a higher pixel density than the photometric data. 

20. A method of scanning photo film having a plurality 
of frames recorded thereon, comprising the steps 
of: 

A. moving the photo film two times relative to 
three color line sensors in a sub scan direction, 
each line sensor being arranged to scan the 
photo film in a primary scan direction perpen- 
dicular to the sub scan direction; 

B. prescanning the photo film line after line 
through the line sensors for detecting photo- 
metric data under predetermined photometric 
conditions at a predetermined pixel density, 
while the photo film is moved in the sub scan 
direction for the first time; 

C. detecting edges of each frame based on the 
photometric data detected in step B; 

D. determining respective frame positions on 
the photo film based on frame edge detection 
signals detected in step C; 

E. determining an image data pick-up range of 
each frame based on the frame position deter- 
mined in step D; 



10 



15 



20 



25 



30 



35 



40 



45 



SO 



55 



F. displaying color video images simulating 
photo-prints of the respective frames based on 
the photometric data detected in step B; 

G. displaying marks indicating the image data 
pick-up range on each of the color .video 
images; 

H. correcting the image data pick-up range for 
each frame by adjusting positions of the marks 
relative to each color video image; 

I. modifying photometric conditions of the line 
sensors for each frame in accordance with the 
photometric data detected in step B; and 

J. main scanning the photo film through the line 
sensors fa detecting three color image data 
from the image data pick-up range of each 
frame under the modified photometric condi- 
tions at a higher pixel density than the photo- 
metric data in step B, while the photo film is 
moved in the sub scan direction for the second 
time. 

21 . A method of scanning photo film as claimed in claim 
20. wherein step A comprises the steps of moving 
the photo film relative to the line sensors forward 
the sub scan direction for the first time, and back- 
ward for the second time 

22. A method of scanning photo film as claimed in daim 
20. wherein charge storage times of the line sen- 
sors are changed in accordance with three color 
average densities of each frame in step I. 

23. A method of scanning photo film as claimed in claim 
20, wherein the three color image data detected at 
the higher pixel density is sent to an external 
device, without being stored. 
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(54) Rim scanner 

(57) A film scanner uses three color line sensors 
which scan a f ilmstrip line after line over the entire width 
of the filmstrip (10), while the filmstrip is fed in a length- 
wise direction. While the filmstrip moves forward, photo- 
metric data is detected from the filmstrip at a lower pixel 
density through the line sensors (27-29) with constant 
charge storage times. Frame number bar codes (10b) 
and edge positions of respective frames on the photo 
film are derived from the photometric data, and image 
data pick-up ranges of the respective frames are deter- 
mined based on the frame number bar codes (10b) and 
the frame edge positions. Based on the photometric 



data, . color video images (52) simulating photo-prints of 
the frames are. displayed with framing lines 
(V1.V2.H1.H2) that indicate the image data pick-up 
range of each frame. The framing lines are manually 
adjustable to correct the image data pick-up range. 
While the filmstrip moves backward, three color image 
data is detected from the image data pick-up ranges at 
a higher pixel density through the line sensors (27-29) 
with variable charge storage times that are determined 
for each frame based on the photometric data of each 
frame. 
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